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©  Sulfur  removal  from  a  gas  stream. 

There  is  disclosed  a  process  for  removing  sulfur  com- 
pounds  from  a  gas  stream.  The  process  involves  passing  the 
gas  stream  containing  the  sulfur  compounds  through  a  mass 
of  porous  material that  has  deposited  upon  it  a  metal  oxide, 
the  improvement  comprises  the  continuous  or  intermittent 
addition  of  an  oxidizing  agent  and  an  amine. 



T e c h n i c a l   F i e l d  

Th i s   i n v e n t i o n   r e l a t e s   to  a  p r o c e s s   f o r   t h e   r e m o v a l  

of  s u l f u r   c o m p o u n d s   such   as  H2S  m e r c a p t a n s ,   s u l f i d e s   a n d  

d i s u l f i d e s   f rom  a  gas   s t r e a m .   More  s p e c i f i c a l l y ,   t h i s  

i n v e n t i o n   d e s c r i b e s   an  i m p r o v e d   m e t h o d   f o r   t he   s w e e t e n i n g  

of  a  s o u r   n a t u r a l   gas   s t r e a m .  

B a c k g r o u n d   A r t  

R e m o v a l   of  s u l f u r   c o m p o u n d s   f rom  gas  s t r e a m s   has  b e e n  

of  c o n s i d e r a b l e   i m p o r t a n c e   in  t h e   p a s t   and  is   even   more  s o  

t o d a y   due  to  e n v i r o n m e n t a l   c o n s i d e r a t i o n s .   Gas  e f f l u e n t  

f rom  t he   c o m b u s t i o n   of  o r g a n i c   m a t e r i a l s ,   such   a s  c o a l ,  

a l m o s t   a l w a y s   c o n t a i n   s u l f u r   c o m p o u n d s   and  s u l f u r   r e m o v a l  

p r o c e s s e s   have   c o n c e n t r a t e d   on  r e m o v i n g   h y d r o g e n   s u l f i d e  

s i n c e   i t   has   b e e n   c o n s i d e r e d   a  s i g n i f i c a n t   h e a l t h   h a z a r d  

and  b e c a u s e   i t   is   c o r r o s i v e ,   p a r t i c u l a r l y   when  w a t e r   i s  

p r e s e n t .   With   i n c r e a s i n g   e m p h a s i s   on  e l i m i n a t i n g   o r  

m i n i m i z i n g   s u l f u r   d i s c h a r g e   to  t he   a t m o s p h e r e ,   a t t e n t i o n  

is   t u r n i n g   to  r e m o v a l   of  o t h e r   s u l f u r   c o m p o u n d s   f rom  g a s  

s t r e a m s .  

S u l f u r   c o n t a m i n a n t s   in  n a t u r a l   gas  s t r e a m s   i n c l u d e  

h y d r o g e n   s u l f i d e ,   m e r c a p t a n s ,   s u l f i d e s ,   and  d i s u l f i d e s  

which   due  to  t h e i r   o d o r o u s   n a t u r e   can  be  d e t e c t e d   a t  

p a r t s   pe r   m i l l i o n   (ppm)  c o n c e n t r a t i o n   l e v e l s .   T h u s ,   i t  

is   d e s i r a b l e   f o r   r e s i d e n t i a l   and  c o m m e r c i a l   u s e r s   o f  

n a t u r a l   gas  to  have   c o n c e n t r a t i o n s   of  m e r c a p t a n s   l o w e r e d  

to  1  ppm  and  t o t a l   c o n c e n t r a t i o n s   of  s u l f u r   c o m p o u n d s   t o  

20  ppm  or  l e s s .  



Numerous   n a t u r a l   gas  w e l l s   p r o d u c e   what   is   c a l l e d   i n  

the   i n d u s t r y   as  " s o u r   g a s . "   " S o u r   g a s "   is  n a t u r a l   g a s  
t h a t   c o n t a i n s   h y d r o g e n   s u l f i d e ,   m e r c a p t a n s ,   s u l f i d e s   a n d  

d i s u l f i d e s   in  c o n c e n t r a t i o n s   t h a t   make  i t s   use  u n a c c e p t -  

a b l e .   c o n s i d e r a b l e   e f f o r t   has   b e e n   e x p e n d e d   to   f i n d   a n  

e f f e c t i v e   and  c o s t   e f f i c i e n t   means   to  r emove   t h e s e  

o b j e c t i o n a b l e   s u l f u r   c o m p o u n d s   f rom  n a t u r a l   g a s .  

T r a n s m i s s i o n   c o m p a n i e s   t h a t   p u r c h a s e   n a t u r a l   g a s  
from  w e l l   o w n e r s   and  t h e n   d i s t r i b u t e   to  c o n s u m e r s   a re   v e r y  
c r i t i c a l   of  s u l f u r   c o n t e n t   and  r e q u i r e   t o t a l   s u l f u r  

c o n t e n t   to  be  l e s s   t h a n   30  ppm.  T h u s ,   o w n e r s   of  s o u r   g a s  

w e l l s   t h a t   e x c e e d   t h e   30  ppm  l i m i t   a re   c o n s t a n t l y   s e a r c h -  

ing   f o r   new  and  more  e f f i c i e n t   means  to  make  t h e i r   g a s  
s a l a b l e .  

A  number   of   p r o c e s s e s   a r e   known  f o r   t h e   r e m o v a l   o f  

H2S  from  n a t u r a l   gas  s t r e a m s .   P r o c e s s e s   p r e s e n t l y   a v a i l -  

a b l e   can  be  c a t e g o r i z e d   as  t h o s e   b a s e d   on  p h y s i c a l  

a b s o r p t i o n ,   s o l i d   a b s o r p t i o n   or  c h e m i c a l   r e a c t i o n .  

P h y s i c a l   a b s o r p t i o n   p r o c e s s e s   s u f f e r   f rom  the   f a c t   t h a t  

t h e y   f r e q u e n t l y   e n c o u n t e r   d i f f i c u l t y   in  r e a c h i n g   t he   l o w  

c o n c e n t r a t i o n   of  h y d r o g e n   s u l f i d e   r e q u i r e d   in  t h e  

s w e e t e n e d   gas  s t r e a m .   S o l i d   bed  a b s o r p t i o n   p r o c e s s e s  

s u f f e r   f rom  t he   f a c t   t h a t   t h e y   a re   g e n e r a l l y   r e s t r i c t e d  

to  low  c o n c e n t r a t i o n s   of  H2S  in  t he   e n t e r i n g   gas  s t r e a m .  

C h e m i c a l l y   r e a c t i n g   p r o c e s s e s   in  g e n e r a l   a r e   a b l e   to  m e e t  

s w e e t   gas  s p e c i f i c a t i o n s   ( p r i m a r i l y   H2S  c o n c e n t r a t i o n s )  

w i t h   l i t t l e   d i f f i c u l t y ;   h o w e v e r ,   t h e y   s u f f e r   f rom  t h e  

f a c t   t h a t   a  m a t e r i a l   t h a t   w i l l   r e a c t   s a t i s f a c t o r i l y  w i t h  

H2S  w i l l   a l s o   r e a c t   w i t h   C02.  Above  a l l ,   t he   p r o c e s s e s  

p r e s e n t l y   a v a i l a b l e   do  no t   e f f e c t i v e l y   p r o v i d e   f o r   t h e  

r e m o v a l   of  m e r c a p t a n s ,   s u l f i d e s   and  d i s u l f i d e s .  

An  e x a m p l e   of  a  c h e m i c a l l y   r e a c t i v e   p r o c e s s   is   t h e  

f e r r i c   o x i d e   f i x e d   bed  p r o c e s s ,   w h e r e i n   t he   r e a c t i v e  

e n t i t y   is   f e r r i c   o x i d e   ( F e 2 0 3 )   i m p r e g n a t e d   on  an  i n e r t  

c a r r i e r .   T h i s   p r o c e s s   is   good  f o r   t h e   r e m o v a l   of  H2S  b u t  

does   not   a p p r e c i a b l y   r e m o v e   m e r c a p t a n s   or  o t h e r   s u l f u r  

c o m p o u n d s .   The  bed  can  be  r e g e n e r a t e d ;   h o w e v e r ,   t h e  



n u m b e r   of  r e g e n e r a t i o n s   is   l i m i t e d   by  t h e   b u i l d u p   o f  

e l e m e n t a l   s u l f u r   upon  t h e   b e d .  

The  i r o n   o x i d e   or  "d ry   box"   p r o c e s s   was  one  of  t h e  

f i r s t   d e v e l o p e d   f o r   r e m o v i n g   H2S  f rom  gas   s t r e a m s .   I t  

was  i n t r o d u c e d   in  E n g l a n d   a b o u t   t he   m i d d l e   of  t h e   1 9 t h  

c e n t u r y   and  is   s t i l l   w i d e l y   u s e d   in  many  a r e a s   in  s p e c i a l  

a p p l i c a t i o n s .   See  U.  S.  P a t e n t s   6 3 2 , 4 0 0   and  1 , 9 3 4 , 2 4 2 .  

The  i r o n   s p o n g e   m e t h o d   of  s u l f u r   r e m o v a l   f rom  n a t u r a l  

gas  has   b e e n   w i d e l y   u s e d   d u r i n g   t he   p a s t   q u a r t e r   c e n t u r y  

and  has  been   r e p o r t e d   in  d e t a i l   in  t h e   l i t e r a t u r e .   S e e ,  

f o r   e x a m p l e ,   T a y l o r ,   D . K . ,   "High   P r e s s u r e   Dry  Box  P u r i f i -  

c a t i o n ; "   P r o c e e d i n g s   Gas  C o n d i t i o n i n g   C o n f e r e n c e ,  

U n i v e r s i t y   of  O k l a h o m a ,   1 9 5 6 ,   page   57;  and  The  O i l   and  Gas  

J o u r n a l ,   November   and  D e c e m b e r   1956 ,   a  s e r i e s   of  4  a r t i c l e s ;  

and  Z a p f f e ,   F . ,   " P r a c t i c a l   D e s i g n   C o n s i d e r a t i o n   For   G a s  

P u r i f i c a t i o n   P r o c e s s e s , "   The  Oi l   and  Gas  J o u r n a l ,  

S e p t e m b e r   8,  1958 ,   page   100;   and  S e p t e m b e r   10,   1 9 6 2 ,  

page   1 3 5 .  

T y p i c a l l y ,   t he   i r o n   o x i d e   p r o c e s s   a p p a r a t u s   is   t w o  

t o w e r s   f i l l e d   w i t h   an  i n e r t   c a r r i e r   t h a t   is   i m p r e g n a t e d  

w i t h   i r o n   o x i d e .   Each  t o w e r   has  a  means   f o r   t h e  

i n j e c t i o n   of  w a t e r   and  a i r   so  as  to  a l l o w   f o r   r e g e n e r a t i o n .  

O r d i n a r i l y   at  l e a s t   two  i r o n   o x i d e   beds   w i l l   be  used   i n  

o r d e r   to  p r o v i d e   f o r   c o n t i n u o u s   o p e r a t i o n .   " S o u r   g a s "  

e n t e r s   the   top  of  t he   bed  and  f l o w s   downward   c o n t a c t i n g  

t h e   i r o n   o x i d e .   S w e e t e n e d   gas  i s   r e m o v e d   f rom  t h e   b o t t o m  

of  t he   v e s s e l .   The  v e s s e l   no t   in  o p e r a t i o n   would   n o r m a l l y  

be  s h u t   down  f o r   r e m o v a l   or  r e g e n e r a t i o n   of  t h e   e x h a u s t e d  

i r o n   o x i d e .   In  t he   p i p i n g   and  o p e r a t i o n   of  t h e   p r o c e s s ,  

p r o v i s i o n s   must   be  made  f o r   t h e   i n t r o d u c t i o n   of  w a t e r   a n d  

m a i n t e n a n c e   of  a  s l i g h t l y   b a s i c   pH.  W a t e r   must   be  a d d e d  

to  t h i s   p r o c e s s   or  t he   gas   w i l l   g r a d u a l l y   d e h y d r a t e   t h e  

f e r r i c   o x i d e ,   t h u s   c a u s i n g   i t   to  l o s e   i t s   a c t i v i t y .  

T h e r e   a r e   s e v e r a l   known  fo rms   of  f e r r i c   o x i d e .   O n l y  

t h e   a l p h a   and  gamma  f o r m s   a r e   s a t i s f a c t o r y   f o r   g a s  

s w e e t e n i n g   p u r p o s e s .   The  f e r r i c   o x i d e   i s   d i s p e r s e d   o n  
m a t e r i a l s   of  l a r g e   s u r f a c e   and  l i g h t   w e i g h t .   The  m o s t  



f r e q u e n t l y   u sed   m a t e r i a l   i s   wood  s h a v i n g s   or  c h i p s .  

D i s p e r s i n g   t he   i r o n   o x i d e   in   t h i s   way  p r o v i d e s  ' a  

r e l a t i v e l y   l a r g e   s u r f a c e   a r e a   to  w e i g h t   r a t i o   and  m a x i m i z e s  

c o n t a c t   b e t w e e n   t he   gas  s t r e a m   and  t h e   i r o n   o x i d e .  

The  i r o n   o x i d e   p r o c e s s   can  be  o p e r a t e d   on  a  b a t c h  

b a s i s   or  c o n t i n u o u s l y ,   t h e   d i f f e r e n c e   d e p e n d i n g   upon  t h e  

t e c h n i q u e   used   f o r   r e g e n e r a t i o n .   When  a  b a t c h   p r o c e s s   i s  

u s e d   t he   t o w e r   is   o p e r a t e d   u n t i l   t h e   bed  b e c o m e s   s a t u r a t e d  

w i t h   s u l f u r   and  H2S  b e g i n s   to   a p p e a r   in   t h e   s w e e t e n e d   g a s  
s t r e a m .   At  t h i s   p o i n t   t h e   t o w e r   i s   r e m o v e d   f rom  s w e e t e n -  

ing   s e r v i c e   and  r e g e n e r a t e d   by  c i r c u l a t i n g   gas  c o n t a i n i n g  

a  s m a l l   amoun t   of  a i r   t h r o u g h   t he   b e d .   Oxygen   c o n c e n -  

t r a t i o n   of  t he   r e g e n e r a t i o n   s t r e a m   is   n o r m a l l y   h e l d   b e l o w  

3  p e r c e n t   b e c a u s e   of  t h e   h i g h l y   e x o t h e r m i c   n a t u r e   of  t h e  

r e g e n e r a t i o n   r e a c t i o n .   In  c o n t i n u o u s   s e r v i c e   a  s m a l l  

c o n c e n t r a t i o n   of  o x y g e n   may  be  a d d e d   to  t h e   " s o u r   g a s "  

b e f o r e   e n t r y   to  t he   b e d .   The  o x y g e n   in  t h e   a i r   r e a c t s  

w i t h   i r o n   s u l f i d e   p r e v i o u s l y   f o r m e d   to  r e g e n e r a t e   i t   at   t h e  

same  t i m e   f e r r i c   o x i d e   i s   r e a c t i n g   w i t h   H2S  in   t h e   g a s .  

Each  s y s t e m   has  a d v a n t a g e s   and  d i s a d v a n t a g e s   and  t h e   c h o i c e  

b e t w e e n   b a t c h   r e g e n e r a t i o n   and  c o n t i n u o u s   r e g e n e r a t i o n   i s  

b a s e d   on  e c o n o m i c   f a c t o r s   w h i c h   d i f f e r   f rom  i n s t a l l a t i o n  

to  i n s t a l l a t i o n .  

T h e o r e t i c a l l y ,   one  p o u n d   of  f e r r i c   o x i d e   w i l l   r e a c t  

w i t h   0 . 6 4   l b s .   of  h y d r o g e n   s u l f i d e .   In  f i e l d   o p e r a t i o n  

t h i s   l e v e l   is   n e v e r   r e a c h e d .   G e n e r a l l y ,   at   80-85%  o f  

t h e o r y ,   H2S  w i l l   b e g i n   to  b r e a k   t h r o u g h   and  show  up  in  t h e  

gas  s t r e a m .   At  t h i s   p o i n t   t he   bed  i s   s h u t   down  a n d  

r e g e n e r a t e d .   For   c o n t i n u o u s   r e g e n e r a t i o n ,   D.K.  T a y l o r ,  

The  Oi l   and  Gas  J o u r n a l ,   54,  125  (Nov.  5,  1 9 5 6 ) ;   54,  2 6 0  

(Nov.  19,  1 9 5 6 ) ;   54,  139  (Dec .   3,  1 9 5 6 ) ;   54,  147  ( D e c  1 0 ,  

1 9 5 6 ) ;   r e p o r t s   t h a t   a b o u t   2 .5   l b s   of  s u l f u r   may  b e  

r e m o v e d   p e r   pound   of  i r o n   o x i d e   b e f o r e   t he   o x i d e   must   b e  

r e p l a c e d .  

In  n a t u r a l   gas  s e r v i c e ,   p r e s s u r e s   a re   n o r m a l l y   h i g h  

and  p r e s s u r e   d rop   t h r o u g h   t h e   bed  i s   no t   a  s e r i o u s   f a c t o r .  



I t   has   been   r e p o r t e d   t h a t   c y c l e   t ime   of  an  i r o n  

s p o n g e   u n i t   in  t h e   f i e l d   i s   u s u a l l y   30  d a y s .   A  l o n g  

c y c l e   t i m e   is   d e s i r e d   to  m i n i m i z e   bed  r e p l a c e m e n t   c o s t s .  

R e g a r d l e s s   of  t he   r e g e n e r a t i o n   m e t h o d s   t h a t   a r e   e m p l o y e d  

t o d a y ,   t he   bed  w i l l   e v e n t u a l l y   p l u g   w i t h   s u l f u r   and  h a v e  

to  be  r e p l a c e d .   T h i s   r e q u i r e s   m a n u a l   l a b o r   w h i c h   i s  

e x p e n s i v e .   T a y l o r ,   in   t h e   r e f e r e n c e   a b o v e ,   g i v e s   a n  

e x c e l l e n t   summary  of  p o i n t s   to  c o n s i d e r   in  t h e   d e s i g n   o f  

t o w e r s   f o r   an  i r o n   o x i d e   p r o c e s s   f o r   e a s e   of  bed  r e p l a c e -  

ment  and  o p e r a t i o n .  

P r i m a r i l y ,   t h e   i r o n   s p o n g e   p r o c e s s   has  b e e n   a p p l i e d  

to  t he   r e m o v a l   of  h y d r o g e n   s u l f i d e .   The  i r o n   s p o n g e   w i l l  

a l s o   r e m o v e   m i n u t e   a m o u n t s   of  m e r c a p t a n s   f rom  a  n a t u r a l  

gas  s t r e a m   bu t   t h i s   p r o c e s s   i s   no t   w e l l   c h a r a c t e r i z e d   n o r  

is  i t   e f f i c i e n t .  

The  a f f i n i t y   of  i r o n   o x i d e   f o r   h y d r o g e n   s u l f i d e   a n d  

m e r c a p t a n s   is   q u i t e   d i f f e r e n t .   Whi l e   t he   i r o n   o x i d e   has   a  

s t r o n g   p e r s i s t e n t   a f f i n i t y   f o r   h y d r o g e n   s u l f i d e ,   i t s  

c a p a c i t y   f o r   r e m o v a l   of  m e r c a p t a n s   in  t he   p r e s e n c e   o f  

h y d r o g e n   s u l f i d e   i s   much  l o w e r .   Th is   r e s u l t s   in   " b r e a k  

ou t "   of  m e r c a p t a n s   in   t h e   e a r l y   s t a g e s   of  m e t a l   o x i d e  b e d  

l i f e .   T h u s ,   in  o r d e r   to  m a i n t a i n   t he   d e s i r e d   l e v e l   o f  

s u l f u r   c o m p o u n d s   in  t he   t r e a t e d   s t r e a m   i t   is   n e c e s s a r y   t o  

p e r i o d i c a l l y   r e g e n e r a t e   t he   o x i d e .   The  d a t a   o b t a i n e d  

u t i l i z i n g   the   p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n   i n d i c a t e s  

t h a t   t h i s   is   v e r y   e f f i c i e n t l y   c a r r i e d   out  by  p e r i o d i c   o r  

c o n t i n u o u s   t r e a t m e n t   of  t h e   o x i d e   bed  w i t h   an  o x i d i z i n g  

a g e n t   and  an  a m i n e ,   w h i c h   a l s o   p r o v i d e s   an  u n e x p e c t e d  

i m p r o v e m e n t   in  t he   o x i d e ' s   a b i l i t y   to  remove  m e r c a p t a n s .  

U.  S.  P a t e n t   4 , 2 7 8 , 6 4 6   d i s c l o s e s   a  m e t h o d   w h e r e i n  

h y d r o g e n   s u l f i d e   i s   r e m o v e d   f rom  a  gas  s t r e a m   by  c o n t a c t -  

ing   the   s t r e a m   w i t h   an  a q u e o u s   s o l u t i o n   of  f e r r i c   i o n  

c h e l a t e d   w i t h   an  a m i n o p o l y c a r b o x y l i c   a c i d   at  a  pH  of  3 . 5  

to  5.  Th i s   p a t e n t   d i s c l o s e s   a  m e t h o d   w h e r e i n   an  a q u e o u s  
s o l u t i o n   of  i r o n   c h e l a t e d   w i t h   an  a m i n o p o l y c a r b o x y l i c   a c i d  

is  used   to  r emove   H2S  f rom  a  gas  s t r e a m .   The  s o l u t i o n  

a l s o   c o n t a i n s   ammonia   or  an  a l i p h a t i c ,   a l i c y c l i c   o r  



h e t e r o c y c l i c   p r i m a r y   or  s e c o n d a r y   amine   in  a  p r o p o r t i o n  

s u f f i c i e n t   to  p r e v e n t   p r e c i p i t a t i o n   of  i r o n   f rom  t h e  

s o l u t i o n .  

U.  S.  P a t e n t   4 , 2 3 8 , 4 6 3   d i s c l o s e s   a  m e t h o d   f o r   t h e  

r e m o v a l   of  h y d r o g e n   s u l f i d e   f r o m   g a s e s   u s i n g   i r o n   o x i d e ,  

w h e r e i n   a  l i q u i d   c o n t a i n i n g   a  p r i m a r y   or  s e c o n d a r y   a m i n e  

is   i n t r o d u c e d   o n t o   t h e   i r o n   o x i d e - c o n t a i n i n g   s o l i d s .   T h i s  

p a t e n t   u t i l i z e s   an  amine   to  p r e v e n t   t he   t r e a t m e n t   b e d s  

f rom  h a r d e n i n g   i n t o   a  c o h e s i v e   mass   w h i c h   i s   r e s i s t a n t   t o  

c o n v e n t i o n a l   r e m o v a l   m e a n s .   S p e c i f i c a l l y ,   U.  S.  P a t e n t  

4 , 2 3 8 , 4 6 3   d i s c l o s e d   t he   a d d i t i o n   of  a  p r i m a r y ,   o r  

p r e f e r a b l y   a  s e c o n d a r y   a m i n e ,   to  a  bed  of  i r o n   s p o n g e .  

In  a d d i t i o n ,   4 , 2 3 8 , 4 6 3   u s e s   t h e   amine   as  a  s o l u t i o n   o r  

s u s p e n s i o n   of  an  a m i n e ,   s u c h   as  a  w a t e r   s o l u t i o n ,   bu t   i t  

is  p r e f e r a b l y   a  n o n a q u e o u s   l i q u i d   h a v i n g   the   amine   i n  

s o l u t i o n .   A  p r e f e r r e d   n o n a q u e o u s   s o l v e n t   i s   d i m e t h y l -  

s u l f o x i d e .   F u r t h e r ,   t h e   a q u e o u s   s o l u t i o n   of  t he   a m i n e  

was  a d d e d   to   t h e   soda   a sh   l i q u i d   n o r m a l l y   u s e d   to   m a i n t a i n  

an  a l k a l i n e   c o n d i t i o n   in   t h e   b e d .   The  amine   s o l u t i o n   w a s  

t h e n   a d d e d   to   t he   i r o n   s p o n g e   e v e r y   s e v e n   d a y s .   T h i s  

p a t e n t   does   no t   s u g g e s t   or  d i s c l o s e   t h e   b e n e f i c i a l   e f f e c t s  

of  c o n c u r r e n t l y   or  i n t e r m i t t e n t l y   a d d i n g   an  a m i n e ,   s u c h   a s  

ammonia   h y d r o x i d e ,   and  an  o x i d a n t   to  t he   i r o n   s p o n g e   b e d ,  

to  a c c o m p l i s h   e c o n o m i c a l   and  e f f e c t i v e   r e m o v a l   of  s u l f u r  

c o m p o u n d s   f rom  a  gas  s t r e a m .  

A  p r o c e s s   w h i c h   i m p r o v e s   t h e   a b i l i t y   of  an  i r o n  

s p o n g e   to  r e m o v e   s u l f u r   c o m p o u n d s   f rom  a  gas  s t r e a m   is   i n  

d e m a n d .   The  p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n   a c c o m p l i s h e s  

e f f e c t i v e   and  e c o n o m i c a l   r e m o v a l   of  s u l f u r   c o m p o u n d s  f r o m  

a  gas   s t r e a m   t h r o u g h   t h e   use  of  an  o x i d i z i n g   a g e n t   and  a n  

amine   in  c o m b i n a t i o n   w i t h   a  m e t a l   o x i d e   t r e a t m e n t   b e d .  

The  r e a c t i o n   of  f e r r i c   o x i d e   w i t h   h y d r o g e n   s u l f i d e   h a s  

been   w e l l   d o c u m e n t e d ,   h o w e v e r ,   t h e   l i t e r a t u r e   and  p u b l i -  

c a t i o n s   do  no t   d i s c l o s e   or  s u g g e s t   a  m e t h o d   in   w h i c h   a n  

o x i d i z i n g   a g e n t   and  an  amine   a r e   a d d e d   to  a  m e t a l   o x i d e  

bed  so  as  to  e n h a n c e   t he   a b i l i t y   of  t he   o x i d e   bed  in  t h e  

r e m o v a l   of  H2S  and  m e r c a p t a n s   f rom  a  gas  s t r e a m .   F u r t h e r ,  

t h e   l i t e r a t u r e   and  t h e   r e f e r r e d   to  p a t e n t s   do  no t   s u g g e s t  



or  d i s c l o s e   t h e   f a c t   t h a t   t h e   use   of  an  amine   and  a n  

o x i d a n t   e x h i b i t   a  s y n e r g i s t i c   e f f e c t .  

I t   is   t h e   n o v e l   and  unobvious  use   of   an  o x i d i z i n g  

a g e n t   and  an  amine   in  a  p r o c e s s   to  r e m o v e   s u l f u r   c o m p o u n d s  

f rom  a  gas   s t r e a m   t h a t   c o m p r i s e s   at   l e a s t   a  p o r t i o n   of  t h e  

p r e s e n t   i n v e n t i o n .  

D i s c l o s u r e   of  t h e   I n v e n t i o n  

T h e r e   is   d i s c l o s e d   a  p r o c e s s   f o r   r e m o v i n g   h y d r o g e n  

s u l f i d e ,   s u l f i d e s   and  m e r c a p t a n s   f rom  gas   s t r e a m s   w h i c h  

c o m p r i s e s   t he   s t e p s   in  c o m b i n a t i o n   o f :  

(a)   c o n t a c t i n g   the   gas  s t r e a m   w i t h   an  o x i d e   of  a  

m e t a l   s e l e c t e d   f rom  the   g r o u p   c o m p r i s i n g   i r o n ,   c h r o m i u m ,  

c o b a l t ,   l e a d ,   m a n g a n e s e ,   m o l y b d e n u m ,   n i c k e l ,   c o p p e r ,  

v a n a d i u m ,   z i n c ,   t u n g s t e n   and  a n t i m o n y ;  

(b)  i n t r o d u c i n g   an  amine   c o n t i n u o u s l y   or  i n t e r -  

m i t t e n t l y ,   of  t h e   s t r u c t u r a l   f o r m u l a :  

w h e r e i n   Rl,   R2  and  R3  a re   t he   same  or  d i f f e r e n t   r a d i c a l s  

s e l e c t e d   f rom  t h e   g r o u p   c o m p r i s i n g ,   h y d r o g e n ,   a l k y l s   o f  

1  to   8  c a r b o n   a t oms   and  a l k a n o l s   of  1  to  8  c a r b o n   a t o m s ;  

in  a n h y d r o u s   f o r m , a q u e o u s   s o l u t i o n s , o r   w a t e r / a l c o h o l  

s o l u t i o n s   t h e r e o f , o n t o   the   m e t a l   o x i d e ;   a n d  

(c)  s u b s e q u e n t l y   or  c o n c u r r e n t l y   i n t r o d u c i n g   a n  

o x i d i z i n g   a g e n t ,   c o n t i n u o u s l y   or  i n t e r m i t t e n t l y ,   s e l e c t e d  

f rom  t he   g r o u p   c o m p r i s i n g   o x y g e n ,   h y d r o g e n   p e r o x i d e ,   a i r ,  

t e r t i a r y   d i b u t y l   p e r o x i d e ,   t - b u t y l   h y d r o p e r o x i d e ,   c u m e n e  

h y d r o p e r o x i d e   and  d i c u m y l   p e r o x i d e ,   on  t h e   m e t a l   o x i d e  

w h i l e   c o n t i n u i n g   to  c o n t a c t   t he   gas  s t r e a m   w i t h   t he   m e t a l  

o x i d e .  

R e p r e s e n t a t i v e   of  t he   o x i d e s   t h a t   can  be  u s e d   in   t h e  

p r o c e s s   of  the   p r e s e n t   i n v e n t i o n   a re   o x i d e s   of  m e t a l s   s u c h  

as  i r o n ,   c h r o m i u m ,   c o b a l t ,   l e a d ,   m a n g a n e s e ,   m o l y b d e n u m ,  

n i c k e l ,   c o p p e r ,   v a n a d i u m ,   z i n c ,   t u n g s t e n   and  a n t i m o n y .  



Of  t h e   m e t a l   o x i d e s   t h a t   a r e   more  u s e f u l   in   t h e   p r o c e s s   o f  

t h e   p r e s e n t   i n v e n t i o n   a r e   o x i d e s   of  i r o n ,   c o b a l t   a n d  

c o p p e r .   E x p e c i a l l y   p r e f e r r e d   and  u s e f u l   i n   t h e   p r o c e s s  
of  t h e   p r e s e n t   i n v e n t i o n   i s   i r o n   o x i d e   ( F e 2 o 3 ) .  

The  a p p l i c a n t s   have   f o u n d   t h a t   f e r r i c   o x i d e   d e p o s i t e d  

upon  an  i n e r t   m a t e r i a l   s u c h   as  a c t i v a t e d   c a r b o n ,   v e r m i c -  

u l i t e   and  wood  c h i p s   i s   p r e s e n t l y   t h e   mos t   e c o n o m i c a l   a n d  

c o m m e r c i a l l y   a v a i l a b l e   means   of  u t i l i z i n g   t h e   m e t a l   o x i d e s  

in  t h e   p r o c e s s   of  t he   p r e s e n t   i n v e n t i o n .   In  a d d i t i o n ,   i t  

has   b e e n   f o u n d   n e c e s s a r y   t h a t   t h e   f e r r i c   o x i d e   have   a n d  

m a i n t a i n   e i t h e r   t he   a l p h a   or  gamma  f o r m s .  

R e p r e s e n t a t i v e   of  t h e   o x i d i z i n g   a g e n t s   t h a t   a r e   u s e f u l  

in   t h e   p r o c e s s   of  t he   p r e s e n t   i n v e n t i o n   a r e   o x y g e n ,   h y d r o g e n  

p e r o x i d e ,   a i r ,   t e r t - d i b u t y l   p e r o x i d e ,   t - b u t y l   h y d r o p e r o x i d e ,  

cumene   h y d r o p e r o x i d e ,   d i c u m y l   p e r o x i d e   and  o t h e r   c o m m e r c i a l l y  

a v a i l a b l e   o r g a n i c   p e r o x i d e s   and  h y d r o p e r o x i d e s .   The  m o s t  

p r e f e r r e d   o x i d i z i n g   a g e n t   i s   h y d r o g e n   p e r o x i d e .  

R e p r e s e n t a t i v e   of  t h e   a m i n e s   t h a t   a r e   u s e f u l   in  t h e  

p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n   a r e   a m m o n i a ,   m e t h y l   a m i n e ,  

d i m e t h y l   a m i n e ,   e t h y l   a m i n e ,   d i e t h y l   a m i n e ,   e t h a n o l   a m i n e ,  

d i e t h a n o l   a m i n e ,   p r o p a n o l   amine   and  d i p r o p a n o l   a m i n e .   P r e -  

f e r r e d   a m i n e s   a re   a m m o n i a ,   m e t h y l   a m i n e ,   d i m e t h y l   a m i n e ,  

t r i m e t h y l   amine   and  d i e t h a n o l   a m i n e .   The  mos t   p r e f e r r e d  

a m i n e   i s   a m m o n i a .  

The  amine   wh ich   is   added   to   t h e   o x i d e   bed  in   t he   p r o -  

c e s s   of  t h e   p r e s e n t   i n v e n t i o n   may  be  a n h y d r o u s ,   a q u e o u s  

s o l u t i o n s   of  t h e   amine   or  w a t e r / a l c o h o l   s o l u t i o n s   of  t h e  

a m i n e .   A l c o h o l s   of  one  to  f o u r   c a r b o n   a t oms   a r e   u s e f u l   i n  

p r e p a r i n g   t h e   w a t e r / a l c o h o l   amine   s o l u t i o n s .   Such  a l c o h o l s  

i n c l u d e   m e t h a n o l ,   e t h a n o l ,   p r o p a n o l ,   i s o p r o p a n o l ,   b u t a n o l  

and  i s o b u t a n o l .  

The  c o n c e n t r a t i o n   of  an  amine   s o l u t i o n   b e i n g   p u m p e d  

o n t o   t h e   o x i d e   bed  i s   p r e f e r a b l y   s a t u r a t e d   or  h i g h l y   c o n c e n -  

t r a t e d   s o l u t i o n s   t h e r e o f .   I t   has  been   f o u n d   t h a t   c o n c e n t r a -  

t i o n s   of  0 . 1   Normal   to  s a t u r a t e d   s o l u t i o n s   a r e   a p p r o p r i a t e ;  

h o w e v e r ,   t h e   more  c o n c e n t r a t e d   s o l u t i o n s   a r e   p r e f e r r e d .  

In  f a c t ,   t h e   a d d i t i o n   of  a n h y d r o u s   ammonia   or  o t h e r   a n h y d r o u s  

a m i n e s   is   a d v a n t a g e o u s   s i n c e   l o w e r   c o n c e n t r a t i o n s   o n l y   r e s u l t  

in   t h e   u n n e c e s s a r y   a d d i t i o n   of  l i q u i d   m a t e r i a l   to   t h e  



t r e a t m e n t   bed  w h i c h   e v e n t u a l l y   has  to  be  r e m o v e d .  

I t   has  b e e n   f o u n d   t h a t   t he   p r o c e s s   of  the   p r e s e n t  

i n v e n t i o n   a l s o   p r e v e n t s   the   o x i d e   bed  f rom  h a r d e n i n g   i n t o  

a  c o h e s i v e   mass  w h i c h   is   r e s i s t a n t   to  c o n v e n t i o n a l   r e m o v a l  

m e a n s .  

The  use  of  t he   a l c o h o l   c o s o l v e n t   in  t he   p r e p a r a t i o n  

of  t he   w a t e r / a l c o h o l   amine   s o l u t i o n   is   on ly   r e q u i r e d   w h e n  

t h e   a m i n e s   have  l i m i t e d   w a t e r   s o l u b i l i t y .   Only  when  t h e  

amine   has  l i m i t e d   w a t e r   s o l u b i l i t y   s h o u l d   the   a l c o h o l   c o -  

s o l v e n t   be  u s e d .  

To  one  s k i l l e d   in  c h e m i s t r y   i t   is   r e a d i l y   a p p a r e n t  

t h a t   a n h y d r o u s   a m i n e s ,   such  as  ammonia ,   w i l l ,   when  p l a c e d  

in  an  a q u e o u s   m e d i a ,   form  the   h y d r a t e s   t h e r e o f ,   i . e . ,  

a q u e o u s   ammonia   as  w e l l   as  ammonia  h y d r o x i d e .   The  p r o c e s s  

of  t h e   p r e s e n t   i n v e n t i o n   c o n t e m p l a t e s   t h e s e   h y d r a t e s   a n d  

has   f o u n d   the   use  of  ammonia  d i s s o l v e d   in  w a t e r   to  b e  

e s p e c i a l l y   u s e f u l .  

The  a p p l i c a n t s   have  f o u n d   t h a t   t he   use  of  a  c a u s t i c  

s o l u t i o n   in  t he   p r o c e s s   of  the   p r e s e n t   i n v e n t i o n   is  n o t  

n e c e s s a r y ,   bu t   u s e f u l   in  s o l u b i l i z i n g   the   r e a c t i o n   p r o d u c t s  

f rom  the   r e o x i d a t i o n   of  t he   t r e a t m e n t   bed .   Aqueous   s o l u t i o n s  

of  NaOH,  KOH  and  Na2co3  have  been   f o u n d   to  be  a p p r o p r i a t e .  

T h e r e   is  a l s o   d i s c l o s e d   a  p r o c e s s   f o r   r e m o v i n g   H2S ,  
m e r c a p t a n s ,   s u l f i d e s   and  d i s u l f i d e s   f rom  a  gas  s t r e a m  

w h e r e i n   s a i d   gas  s t r e a m   is  c o n t a c t e d   w i t h   at  l e a s t   o n e  

m e t a l   o x i d e   d e p o s i t e d   upon  an  i n e r t   c a r r i e r ,   the   i m p r o v e -  

ment  c o m p r i s i n g   c o n t i n u o u s l y   or  p e r i o d i c a l l y   i n t r o d u c i n g  

an  o x i d i z i n g   a g e n t   and  amine  on  t he   m e t a l   o x i d e   w h i l e  

c o n t i n u i n g   to  c o n t a c t   the   gas  s t r e a m   w i t h   s a i d   m e t a l   o x i d e .  

F u r t h e r ,   t he   p r o c e s s   of  the   p r e s e n t   i n v e n t i o n   p r o v i d e s  

a  means  to  e x t e n d   the   u s e f u l   l i f e   of  a  m e t a l   o x i d e   bed  i n  

t h e   r e m o v a l   of  s u l f u r   compounds   f rom  a  gas  s t r e a m   w h i c h  

c o m p r i s e s   t he   a d d i t i o n   of  an  o x i d i z i n g   a g e n t   and  an  a m i n e  

to  t he   o x i d e   b e d .  

Use  of  t he   f e r r i c   o x i d e   s y s t e m   as  t a u g h t   in  t h e  

l i t e r a t u r e   is   d e p e n d e n t   on  h y d r a t e   f o r m a t i o n   f o r   maximum 

a c t i v i t y   and  is   s u s c e p t i b l e   to  d i f f i c u l t i e s   in  r e g e n e r a -  
t i o n .   P r e s e n t l y ,   c o m m e r c i a l   " s t a t e   of  t he   a r t "   m e t h o d s  

e x i s t   w h e r e b y   i r o n   s p o n g e   bed  can  be  r e g e n e r a t e d .   T h i s  



i s   a c c o m p l i s h e d   in   two  w a y s :   (1)   c o n s t a n t   o n s t r e a m  

r e g e n e r a t i o n   by  i n t r o d u c t i o n   of   a i r   ( o x y g e n )   t h r o u g h   a  

c o m p r e s s o r   b l o w e r   to  o b t a i n   an  o x y g e n   l e v e l   b a s e d   on  t h e  

gas   f l o w   of  up  to  2  p e r c e n t ;   and   (2)  o f f s t r e a m   r e g e n e r a -  

t i o n   of  t h e   bed  by  i n t r o d u c t i o n   of  a i r   by  c o m p r e s s o r  

b l o w e r   o v e r   a  p e r i o d   of   8  h o u r s   or  u n t i l   v i r t u a l l y   a l l  

t h e   i r o n   s u l f i d e s   h a v e   b e e n   c o n v e r t e d   to  o x i d e s .   B o t h  

m e t h o d s   a r e   c o s t l y   as  t h e y   r e q u i r e   h i g h   p o w e r   c o n s u m p t i o n  

and   h a v e   h i g h   c a p i t a l   r e q u i r e m e n t s .   In  a d d i t i o n ,   b o t h  

m e t h o d s   do  n o t   p r o v i d e   w a t e r   to  m a i n t a i n   t he   o p t i m u m  

s t a t e   of  h y d r a t i o n   and  t h e   o f f s t r e a m   a d d i t i o n   of  r e g e n -  
e r a t i o n   a i r   i n t e r r u p t s   p r o d u c t i o n .  

The  p r e s e n t   i n v e n t i o n   (1)   a l l o w s   the   i r o n   o x i d e   t o  

m a i n t a i n   a  h i g h   s t a t e   of   r e a c t i v i t y   in   an  o n s t r e a m   m a n n e r ;  
(2)  i n c r e a s e s   bed  l i f e ;   (3)   r e d u c e s   t h e   c h e m i c a l   r e q u i r e -  

m e n t s   i n   a  s e c o n d a r y   t r e a t e r ,   i f   u s e d ;   (4)  a c c o m p l i s h e s  

s u l f u r   r e m o v a l   f rom  t h e   gas   s t r e a m   w i t h o u t   r e s o r t i n g   t o  

c o s t l y   c o m p r e s s o r   b l o w e r   s y s t e m s   w h i c h   r e q u i r e   h i g h   p o w e r /  

l a b o r   r e q u i r e m e n t s ;   and   (5)  p r o v i d e s   a  means  of   m a i n t a i n -  

i n g   t h e   m e t a l   o x i d e   bed   a t   an  o p t i m u m   l e v e l   of  h y d r a t i o n .  

The  p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n   can   be  e m p l o y e d  

w i t h   or  w i t h o u t   t he   u s e   of  a  s e c o n d a r y   t r e a t e r .   By  

s e c o n d a r y   t r e a t e r   i s   m e a n t   a  t r e a t m e n t   p r o c e s s   w h i c h  

f u r t h e r   e l i m i n a t e s   or  r e d u c e s   t h e   a m o u n t   of  s u l f i d e s   a n d  

d i s u l f i d e s   in  t he   gas   s t r e a m ,   s u b s e q u e n t   to  t r e a t m e n t   b y  

t h e   p r o c e s s   of  t h i s   i n v e n t i o n .   E x a m p l e s   of  s a i d   s e c o n d a r y  

t r e a t m e n t s   can  be  f o u n d   i n   a p p l i c a n t s '   p a t e n t   f i l e d   M a r c h  

17,  1 9 8 0 ,   e n t i t l e d ,   " M e t h o d   f o r   R e m o v a l   of  S u l f u r   C o m p o u n d s  

From  A  G a s . "   S a i d   U .S .   P a t e n t   No.  4 , 2 8 3 , 3 7 3   i s   h e r e i n  

i n c o r p o r a t e d   by  r e f e r e n c e   to  t h i s   p r e s e n t   a p p l i c a t i o n .  

The  t e m p e r a t u r e   of   t h e   t r e a t m e n t   s y s t e m   i s   m a i n t a i n e d  

a t   a  t e m p e r a t u r e   of  a t   l e a s t   0°C,   to  p r e v e n t   w a t e r   v a p o r  
f rom  f r e e z i n g ;   h o w e v e r ,   a  more  p r e f e r r e d   t e m p e r a t u r e   r a n g e  
i s   f rom  5  to  80°C,   w i t h   t h e   m o s t   p r e f e r r e d   r a n g e   b e i n g  
f rom  5  to  3 5 ° C .  

The  gas   f l o w   r a t e   and   t h e   v o l u m e   of  t he   t r e a t e r   i s  

s u c h   t h a t   t h e   r e t e n t i o n   t i m e   i n   t h e   t r e a t e r   i s   s u f f i c i e n t  

to  r e m o v e   a  m a j o r   p o r t i o n   of   t h e   H2S,  m e r c a p t a n s ,   s u l f i d e s  

and  d i s u l f i d e s   f rom  t h e   gas   s t r e a m .  



T h o s e   s k i l l e d   in  the   a r t   w i l l   r e a d i l y   be  a b l e   t o  

d e t e r m i n e   t h e   v a l u e s   of  t he   v a r i a b l e s   in  t he   t r e a t m e n t   s o  

as  to  s u b s t a n t i a l l y   r e d u c e   s u l f u r   c o n t e n t   in  t he   g a s  

s t r e a m .  

A  b a s i c   s o l u t i o n   such   as  a q u e o u s   NaOH  or  soda   ash   c a n  

be  e m p l o y e d   in  t h e   t r e a t m e n t   v e s s e l .   A l k a l i n i t y   i s   p r e -  
f e r r e d   so  as  to  a s s i s t   t he   r e g e n e r a t i o n   of  t he   f e r r i c  

o x i d e   b e d .  

The  use   of  a  s e c o n d a r y   t r e a t e r   in   t he   p r o c e s s   of  t h i s  

i n v e n t i o n   is   no t   e s s e n t i a l ;   h o w e v e r ,   such   use  may  b e  

n e e d e d   i f   t he   s u l f u r   l o a d   or  c o m p o s i t i o n   of  t h e   gas  s t r e a m  

( s u l f u r   c o m p o u n d s )   is   such   t h a t   t h e   p r i m a r y   t r e a t e r   o r  

p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n   is   u n a b l e   to  r emove   t h e  

n e c e s s a r y   a m o u n t   of  s u l f u r   c o m p o u n d s   f rom  t h e   gas  s t r e a m  

to  meet   t he   d e s i r e d   s p e c i f i c a t i o n .  

The  p r o c e s s   of  t h i s   i n v e n t i o n   was  t e s t e d   on  a  h i g h  

p r e s s u r e   n a t u r a l   gas  s t r e a m .   T h e r e   wou ld   be  m i n o r  

m o d i f i c a t i o n s   in  t h e   p r o c e s s   f l o w   f o r   use  of  a  low  p r e s s u r e  

gas  such   as  coke   oven  gas  or  b o i l e r   g a s .   H o w e v e r ,   t h e  

b a s i c   p r i n c i p l e s   of  o p e r a t i o n   wou ld   r e m a i n   t h e   s a m e .  

The  p r o c e s s   of  the   p r e s e n t   i n v e n t i o n   o v e r c o m e s   t h e  

l i m i t i n g   c a p a c i t y   of  m e t a l   o x i d e s   ( e s p e c i a l l y   i r o n   o x i d e )  

t r e a t m e n t   f o r   a  v a r i e t y   of  s u l f u r   c o m p o u n d s .   The  p r o c e s s  

of  t h i s   i n v e n t i o n   e n h a n c e s   t h i s   c a p a c i t y   by  t he   use  of  a n  

o x i d a n t   such   as  h y d r o g e n   p e r o x i d e   and  an  a m i n e ,   such   a s  

a m m o n i a .  

To  one  s k i l l e d   in  t he   a r t ,   t he   amount   and  c o n c e n -  

t r a t i o n   of  t he   o x i d a n t   s p r a y e d   o n t o   the   t r e a t m e n t   bed  c a n  

be  e a s i l y   d e t e r m i n e d .   S p e c i f i c a l l y ,   e n o u g h   a q u e o u s  

o x i d a n t   s h o u l d   be  used   so  as  to  l o w e r   t he   s u l f u r   c o n t e n t  

of  t he   gas  s t r e a m   to  a  p r e d e t e r m i n e d   l e v e l .   E x c e s s   u s a g e  

of  o x i d a n t   ( i . e . ,   H202)  can  be  p r e v e n t e d   by  use  o f  

s t o i c h i o m e t r i c   c a l c u l a t i o n s   b a s e d   on  i n p u t   gas  a n a l y s i s .  

Low  c o n c e n t r a t i o n s   of  H202  ( i . e . ,   l e s s   t h a n   25%)  c a n  

be  used   in  t he   p r o c e s s   of  t h i s   i n v e n t i o n ;   h o w e v e r ,  

s e v e r a l   p r o b l e m s   can  be  e n c o u n t e r e d :  



(1)  e x c e s s i v e   w a t e r   f low  t h r o u g h   t h e   bed  w i l l   c a u s e  

t h e   Fe203   c o a t i n g   on  the   bed  to  be  w a s h e d   o f f  

c a u s i n g   p i p e   p l u g g i n g   p r o b l e m s ;  

(2)  whe re   sub  0°C  t e m p e r a t u r e s   a re   e n c o u n t e r e d ,   l o w  

c o n c e n t r a t i o n s   of  H202  f r e e z e   ( i . e . ,   20  p e r c e n t  

f r e e z e s   at   - 7 ° C ) ;  

(3)  i n c r e a s e d   c o s t   of  t r a n s p o r t i n g   H202  to   t h e  

t r e a t m e n t   s i t e .  

High   c o n c e n t r a t i o n s   of  a q u e o u s   H202  ( i . e . ,   g r e a t e r  

t h a n   90%)  a re   s u i t a b l e   f o r   use  in  t h e   p r o c e s s   of  t h i s  

i n v e n t i o n ;   h o w e v e r ,   e x t r e m e   c a u t i o n   mus t   be  e x e r c i s e d   i n  

t h e   f i e l d   when  such   h i g h   c o n c e n t r a t i o n s   of  H202  a re   u s e d .  

In  a d d i t i o n ,   t h e   f r e e z i n g   p o i n t   of  90%  a q u e o u s   H202  i s  

o n l y   - 1 2 ° C   and  w i l l   t h e r e f o r e   l i m i t   t h e   a p p l i c a t i o n .  

The  a p p l i c a n t s   have   d i s c o v e r e d   t h a t   p u m p i n g   a m o u n t s  

of  at   l e a s t   25%  H202  and  c o n c e n t r a t e d   ammonium  h y d r o x i d e  

on  t h e   i r o n   s p o n g e   t r e a t m e n t   bed  w i l l   no t   o n l y   p r o v i d e   f o r  

t h e   r e a c t i v a t i o n   of  t h e   i r o n   s p o n g e   bu t   a l s o   a s s i s t   in  t h e  

r e m o v a l   of  s u l f u r   c o m p o u n d s   s u c h   as  m e r c a p t a n s ,   s u l f i d e s  

and  d i s u l f i d e s .   A d d i t i o n a l l y ,   use  of  H202  and  an  a m i n e  

u n e x p e c t e d l y   p r o v i d e s   r e s i d u a l   c a p a b i l i t y   f o r   r e m o v i n g  

s u l f u r   c o m p o u n d s   l o n g   a f t e r   H202  a d d i t i o n   has   c e a s e d .  

As  d i s c u s s e d   e a r l i e r ,   t he   r e a c t i o n   of  h y d r o g e n  

s u l f i d e   w i t h   f e r r i c   o x i d e   is  w e l l - k n o w n ;   h o w e v e r ,   a l l   t h e  

r e f e r e n c e s   and  o t h e r   l i t e r a t u r e   wou ld   l e a d   one  s k i l l e d   i n  

t h e   a r t   to  b e l i e v e   t h a t   use  of  an  o x i d a n t   s u c h   as  H202 
w o u l d   not   be  p o s s i b l e   due  to  t h e   t h e r m o d y n a m i c   and  k i n e t i c  

l i m i t a t i o n s   of  t he   r e a c t i o n   of  H202  w i t h   f e r r i c   s u l f i d e  

and  d i r e c t l y   w i t h   H2S  a n d / o r   m e r c a p t a n s .   The  l i t e r a t u r e  

d i s c l o s e s   a i r   o x i d a t i o n   of  t he   f e r r o u s   s u l f i d e   b a c k   t o  

f e r r o u s   o x i d e   w i t h   l o n g   r e a c t i o n   t i m e s   and  e q u i l i b r i a   f a r  

s h o r t   of  c o m p l e t e   r e j u v e n a t i o n .  

One  may  make  t h e   a r g u m e n t   t h a t   use   of  H202  in  p l a c e  

of  o x y g e n   or  a i r   f o r   t he   r e j u v e n a t i o n   of  t h e   f e r r i c   o x i d e  

bed  wou ld   be  o b v i o u s ,   s i n c e   two  m o l e c u l e s   of  H202  d e g r a d e  

to  2  m o l e c u l e s   of  H20  and  one  of  02.  T h u s ,   one  s k i l l e d   i n  

t h e   a r t   wou ld   e x p e c t   H202  to  p r o v i d e   t h e   same  r e s u l t s   t h a t  



a i r   or  02  i n j e c t i o n   wou ld   p r o v i d e .   The  a p p l i c a n t s   h a v e  

d i s c o v e r e d ,   h o w e v e r ,   t h a t   use  of  H202  to  r e g e n e r a t e   t h e  

f e r r i c   o x i d e   bed  in  c o m b i n a t i o n   w i t h   an  amine  p r o v i d e s   a n  

u n e x p e c t e d   s y n e r g i s t i c   e f f e c t   in  t h a t  r e m o v a l   of  H2S  a n d  

m e r c a p t a n s ,   by  the   i r o n   s p o n g e   bed  is   e n h a n c e d   and  p r o -  

l o n g e d .  

The  use  of  H202  and  an  amine   in   the   p r o c e s s   of  t h i s  

i n v e n t i o n   p r o v i d e s   f o r   p e r i o d i c   or  c o n t i n u o u s   r e g e n e r a t i o n  

of  t h e   i r o n   o x i d e   bed  and  e n h a n c e d   a c t i v i t y   wh ich   in  t u r n  

p r o v i d e s   f o r   e f f e c t i v e   r e m o v a l   of  s u l f u r   compounds   f rom  a  

gas  s t r e a m .  

B e s t   Mode  For  C a r r y i n g   Out  The  I n v e n t i o n  

The  f o l l o w i n g   e x a m p l e   is   i n t e n d e d   to  i l l u s t r a t e   a n d  

no t   to  l i m i t   the   s c o p e   of  t he   p r e s e n t   i n v e n t i o n .  

A n a l y s i s   of  t he   gas  s t r e a m   in  the   f o l l o w i n g   e x a m p l e  

was  c o n d u c t e d   p r i o r   to  and  s u b s e q u e n t   to  t r e a t m e n t   by  t h e  

p r o c e s s   of  t h i s   i n v e n t i o n .   Gas  s a m p l e s   were   a n a l y z e d   b y  

a  B a r t o n   R e c o r d i n g   S u l f u r   A n a l y z e r   Model  286  by  means  o f  

a  s l i p   s t r e a m .   The  B a r t o n   286  A n a l y z e r   has  a  s e n s i t i v i t y  

of  0 . 02   ppm  of  H2S  by  v o l u m e ,   0 .02   ppm  m e r c a p t a n s   b y  

v o l u m e ,   0 .04   ppm  o r g a n i c   s u l f i d e s   by  volume  and  0 .04  ppm 

s u l f u r   d i o x i d e   w i t h   an  a c c u r a c y   of  p l u s   or  minus   2%. 

P e r c e n t   by  volume  r e a d i n g   were   c o n v e r t e d   to  p e r c e n t   b y  

w e i g h t   and  r e c o r d e d .   (ppm  e q u a l s   p a r t s   pe r   m i l l i o n . )  

I t   s h o u l d   be  n o t e d   t h a t   t he   f o l l o w i n g   e x p e r i m e n t  

was  c o n d u c t e d   on  a  c o m m e r c i a l   s c a l e   so  as  to  i l l u s t r a t e  

t h e   a b i l i t y   of  the   p r o c e s s   of  the   p r e s e n t   i n v e n t i o n   t o  

f u l f i l l   a  l o n g - f e l t   c o m m e r c i a l   n e e d .  

E x a m p l e   1 

A d d i t i o n   of  C o n c e n t r a t e d   Aqueous   Ammonia  S o l u t i o n  

And  H202  To  A  F e r r i c   Oxide  B e d  

The  two  t r e a t m e n t   v e s s e l s   used   in  t h i s   e x p e r i m e n t  

were   a  1 .22  m e t e r   by  3 .05   m e t e r   v e r t i c a l   c y l i n d r i c a l  

v e s s e l   w i th   an  a p p r o x i m a t e   vo lume  of  3 .56  c u b i c   m e t e r s .  

The  t r e a t m e n t   v e s s e l s   were   c h a r g e d   w i t h   3 .11   c u b i c   m e t e r s  

of  r e d w o o d   c h i p s   c o a t e d   w i t h   f e r r i c   o x i d e .  



The  r e d w o o d   c h i p s   c o a t e d   w i t h   f e r r i c   o x i d e   were   " I C "  

S h a v i n g s   m a n u f a c t u r e d   and  s o l d   by  C o n n o l l y - G P M ,   I n c .   o f  

C h i c a g o ,   I l l i n o i s ,   w h i c h   c o n t a i n s   a p p r o x i m a t e l y   1 9 3 . 2  

k i l o g r a m s   of  Fe203   p e r   c u b i c   m e t e r .   A  p o r t i o n   of  t h e  

f e r r i c   o x i d e   c h i p s   were   a d d e d   to  e a c h   v e s s e l .   W a t e r   w a s  

added   to  g i v e   5 -10   p e r c e n t   by  w e i g h t   c o n t e n t   and  t h e n   t h e  

c h i p s   were   c o m p a c t e d   by  t a m p i n g   l i g h t l y .   Then  a  l a y e r   o f  

an  a l k a l i n e   m a t e r i a l   ( s p e c i f i c a l l y   Na2C03)   was  a d d e d .   To 

one  s k i l l e d   in  t h i s   a r t   i t   wou ld   be  e v i d e n t   t h a t   o t h e r  

m a t e r i a l   such   as  s o d a   ash  c o u l d   be  u s e d .   I t   has  b e e n  

f o u n d   t h a t   a d d i t i o n   of  a p p r o x i m a t e l y   o n e - h a l f   pound  o f  

s o d a   ash   p e r   b u s h e l   of  Fe203   p r o v i d e s   t he   p r o p e r   a l k a l i n e  

e n v i r o n m e n t .  

The  p r o c e s s   of  c h i p   a d d i t i o n ,   w e t t i n g   w i t h   w a t e r ,  

c a u s t i c   a d d i t i o n   and  c o m p a c t i o n ,   c o n t i n u e d   u n t i l   t he   v e s s e l  

was  f i l l e d .   In  a d d i t i o n   to  t h e   s t a n d a r d   p i p i n g   a s s o c i a t e d  

w i t h   i r o n   s p o n g e   t r e a t e r s   were   two  s m a l l e r   v e s s e l s   u s e d   a s  

h o l d i n g   t a n k s   f o r   t he   o x i d a n t   and  a m i n e .   These   two  t a n k s  

were   c o n n e c t e d   to   t he   top  of  Number  I  t r e a t e r   by  21  f e e t  

of  0 . 2 5   i n c h   s t a i n l e s s   s t e e l   t u b i n g   c o n n e c t e d   to  a t o m i z i n g  

n o z z l e s   ( i n t e r n a l l y   p l a c e d   in  t r e a t e r   #1)  t h r o u g h   p r e s s u r e  

t i g h t   c o n n e c t o r s .   The  o x i d a n t   a d d i t i o n   is   a c c o m p l i s h e d   b y  

a  s y s t e m   u t i l i z i n g   t i m e r s   w h i c h   p e r m i t   p r e c i s e   a m o u n t s   o f  

o x i d a n t   to  be  i n t r o d u c e d   a t   s p e c i f i c   t i m e s   and  in  w h a t e v e r  

s e q u e n c e   and  q u a n t i t y   d e s i r e d .  

The  gas  s u b j e c t e d   to  t r e a t m e n t   was  t a k e n   from  a  

w e l l h e a d   w h i c h   p r o d u c e s   at   a p p r o x i m a t e l y   1000  l b s .   p e r  

s q u a r e   i n c h   (6895   kPa)   p r e s s u r e .   I t   c o n t a i n s   an  a v e r a g e  

of  200  p p m ' s   s u l f u r   compounds   by  w e i g h t .   A  t y p i c a l   w e l l -  

head   s a m p l e   r e l a t i v e   to  s u l f u r   c o n t a i n i n g   compounds   w a s  

f o u n d   to  b e :  



P r i o r   to  t r e a t m e n t   t h e   gas  was  s e p a r a t e d   f rom  a n y  

l i q u i d   or  s o l i d   p h a s e   m a t e r i a l .  

The  o p e r a t i n g   c o n d i t i o n s   a r e   s e t   ou t   as  f o l l o w s :  

The  f l o w   r a t e   and  p r e s s u r e   were   e s t a b l i s h e d   as  s e t   o u t  

a b o v e .   The  a b i l i t y   of  t he   F e 2 O 3  b e d   to  r e m o v e   s u l f u r  

c o m p o u n d s   was  m o n i t o r e d   f o r   a p p r o x i m a t e l y   3  m o n t h s .  

I n i t i a l l y   t h e   F e 2 O 3  b e d   was  a b l e   to  s a t i s f a c t o r i l y   r e m o v e  

H2S  and  p a r t i a l l y   r emove   m e r c a p t a n s ,   h o w e v e r ,   a f t e r   3 

m o n t h s   a p p r e c i a b l e   a m o u n t s   o f  m e r c a p t a n s   b e g a n   to  b r e a k  

t h r o u g h .  

I t   was  f e l t   t h a t   t e s t i n g   the   e f f e c t   of   an  amine   (NH3) 
in  c o n j u n c t i o n   w i t h   an  o x i d a n t   (H202)   wou ld   be  p o s s i b l e   a t  

t h e   t i m e   t he   Number  I  t r e a t e r   was  n e a r l y   e x h a u s t e d .  



T e s t i n g   at  t h i s   t i m e   wou ld   a l l o w   f o r   d e t e c t i o n   of  s u b -  

s t a n t i a l   r e d u c t i o n   in  s u l f u r   c o n t e n t   of  t he   e x i t i n g   g a s  

s i n c e   t he   i r o n   s p o n g e ,   in  s p i t e   of  H2O2  a d d i t i o n ,   wou ld   b e  

u n a b l e   to  e f f e c t   a  s u l f u r   r e d u c t i o n   much  be low  35-40   ppm 

by  w e i g h t .  

T a b l e   I I   c o n t a i n s   t he   p e r t i n e n t   d a t a   to  t he   c o n -  

c u r r e n t   and  s i m u l t a n e o u s   use  of  16  N,  NH4OH.and  50  p e r c e n t  

a q u e o u s   H 2 0 2 :  





With  r e f e r e n c e   to  T a b l e   I I   i t   is   d e m o n s t r a t e d   t h a t   a t  
1430  h o u r s   ( a f t e r   p u m p i n g   H202  f o r   30  m i n u t e s )   t h a t   t h e  

s u l f u r   l e v e l   in   t h e   Number  1  t r e a t e r   e f f l u e n t   was  o n l y  
r e d u c e d   f rom  72  ppm  to  36  p p m .  

I m m e d i a t e   a d d i t i o n   of  8 .9   l i t e r s   of  16  N  a m m o n i a  

( f r o m   1430  to  1525  h o u r s )   had  no  f u r t h e r  e f f e c t   on  t h e  

s u l f u r   l e v e l .   T h u s ,   i t   w o u l d   a p p e a r   t h a t   a d d i t i o n   of   t h e  

amine   a l o n e ,   in   t h e   a b s e n c e   of  t he   o x i d a n t ,   d id   n o t  

p r o v i d e   the   r e q u i r e d   r e m o v a l   a b i l i t y .   I t   m u s t  b e   r e m e m b e r -  

ed ,   h o w e v e r ,   ammonia   w i l l   not   d e c o m p o s e   and  w i l l   t h e r e f o r e  

s l o w l y   move  t h r o u g h   t h e   bed  (8  to  10  h o u r s ) ,   p r i m a r i l y   a s  

a q u e o u s   ammonia   h y d r o x i d e .  

E v i d e n c e   of  a  p o s i t i v e   e f f e c t   ( i . e . ,   an  o b s e r v a b l e ,  

a p p r e c i a b l e   r e d u c t i o n   of  gas  s u l f u r   l e v e l )   i s   s e e n   b y  

f o l l o w i n g   NH40H  a d d i t i o n   w i t h   H202.  Th is   is  e v i d e n c e d   b y  

t he   d a t a   c o n t a i n e d   w i t h i n   T a b l e   I I .   At  1525  h o u r s ,   NH40H 
a d d i t i o n   was  s t o p p e d   and  H 2 0 2  a d d i t i o n   c o m m e n c e d .   W i t h i n  

20  m i n u t e s ,   t he   t o t a l   s u l f u r   l e v e l   d r o p p e d   f rom  36  ppm  t o  

18  ppm  in  t he   Number  1  t r e a t e r   e f f l u e n t .   The  c y c l e   w a s  

r e p e a t e d   w h e r e i n   p u m p i n g   of  NH40H  b e g a n   at   1555  h o u r s   a n d  

s t o p p e d   a t   1635  h o u r s .   Then  H202  i n t r o d u c t i o n   was  s t a r t e d  

at   1700  h o u r s   and  c o n t i n u e d   u n t i l   1730  h o u r s .   D u r i n g   t h i s  

l a t e r   t ime   the   s u l f u r   l e v e l   went  f rom  34  ppm  to  12  p p m .  

The  o b s e r v e   r e s u l t s ,   i n d e e d ,   d e m o n s t r a t e   t h a t   a m m o n i a  

(o r   a m i n e s )   when  u s e d   in  c o n j u n c t i o n   w i t h   an  o x i d a n t ,  

( i . e . ,   h y d r o g e n   p e r o x i d e   or  o x y g e n ) ,   u s e d   e i t h e r   c o n s e c u -  

t i v e l y   or  s i m u l t a n e o u s l y ,   w i l l   r e s u l t   in  a  f a s t e r   and  m o r e  

c o m p l e t e   r e m o v a l   of  s u l f u r - c o n t a i n i n g   c o m p o u n d s   f r o m  

n a t u r a l   g a s .   I t   a p p e a r s   as  i f   t he   u n o b v i o u s   and  n o v e l  

c o m b i n a t i o n   of  an  o x i d a n t   w i t h   an  amine   in   a  m e t a l   o x i d e  

t r e a t m e n t   s y s t e m   e v i d e n c e s   a  s y n e r g i s t i c   e f f e c t .   By 

s y n e r g i s t i c   e f f e c t   i s   mean t   t h a t   t he   c o m b i n a t i o n   of  t h e  

amine  and  o x i d a n t   w i l l   p r o v i d e   more  e f f e c t i v e   r e m o v a l   o f  

s u l f u r   c o m p o u n d s   f rom  a  gas  s t r e a m   t h a n   use  of  t he   a m i n e  

or  o x i d a n t   a l o n e   in  an  i r o n   o x i d e   t r e a t m e n t   s y s t e m .   I t   i s  

t h i s   d i s c o v e r y   of  a  s y n e r g i s t i c   e f f e c t   t h a t   fo rms   a t   l e a s t  

a  p o r t i o n   of  t h e   p r e s e n t   i n v e n t i o n .  



F u r t h e r ,   t h e   d a t a   i n d i c a t e s   t h a t   t he   p r o c e s s   of  t h e  

p r e s e n t   i n v e n t i o n   has   t h e   a d v a n t a g e   of  more  e f f e c t i v e  

s u l f u r   r e m o v a l ,   w h i c h   a l s o   r e q u i r e s   l e s s   o x i d a n t   and  i n  

t u r n   w o u l d   t h e n   a l l o w   f o r   t h e   use   of  s m a l l e r   t r e a t m e n t  

v e s s e l s .   T h u s ,   t h e   p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n  

p r o v i d e s   f o r   t h e   e x t e n d e d   l i f e   of  t h e   m e t a l   o x i d e   bed  w h i c h  

in  t u r n   s u b s t a n t i a l l y   r e d u c e s   t h e   c o s t   of  s u c h   t r e a t m e n t  

s y s t e m s .  

The  d a t a   p r e s e n t e d   c l e a r l y   i n d i c a t e s   t h a t   t h e   p r o c e s s  
of  t h e   p r e s e n t   i n v e n t i o n   is   s u p e r i o r   to  t h a t   p r e s e n t l y  

used   and  p r o v i d e s   an  u n e x p e c t e d   r e s u l t .  

The  d a t a   a l s o   i n d i c a t e s   t h a t   t h e   c o m b i n a t i o n   of  a n  

amine  and  an  o x i d a n t   in  a  m e t a l   o x i d e   t r e a t m e n t   b e d  

e v i d e n c e s   s y n e r g i s m .   By  s y n e r g i s m   is   mean t   t h a t   t h e  

c o m b i n e d   e f f e c t   of  u s i n g   t he   amine   and  t he   o x i d a n t  

t o g e t h e r   i s   g r e a t e r   t h a n   t h e   sum  of  t h e   e f f e c t   of  u s i n g  

the   o x i d a n t   a l o n e   or  t he   amine   a l o n e .   I t   i s   t h i s   s y n e r -  

g i s t i c   e f f e c t   t h a t   p r o v i d e s   t h e   p r e s e n t   i n v e n t i o n   w i t h  

t he   a b i l i t y   to  e c o n o m i c a l l y   and  e f f e c t i v e l y   r emove   s u l f u r  

c o m p o u n d s   f rom  a  gas   s t r e a m .  

Th i s   c o m m e r c i a l - s c a l e   a p p l i c a t i o n   of  t he   p r e s e n t  

i n v e n t i o n   amply   d e m o n s t r a t e s   t he   n o n o b v i o u s   a d v a n t a g e s  

t h a t   can  be  o b t a i n e d   t h r o u g h   t h e   use   of  t he   p r o c e s s   o f  

t h i s   i n v e n t i o n   o v e r   t he   p r i o r   a r t .  

The  d a t a   j u s t   p r o v i d e d   i l l u s t r a t e s   t he   use   of  t h e  

p r e s e n t   i n v e n t i o n   in  a  t w o - s t a g e   t r e a t m e n t   p r o c e s s .  T h e  

p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n   is   a l s o   a d a p t a b l e   t o  

s i n g l e   or  m u l t i - s t a g e   t r e a t m e n t   p r o c e s s e s   w h e r e i n   t h e  

p r o c e s s   d e s c r i b e d   in  t h i s   i n v e n t i o n   may  p r e c e d e   or  b e  

s u b s e q u e n t   to  a n o t h e r   t r e a t m e n t   p r o c e s s .   A l s o ,   two  o r  

more  i r o n   s p o n g e   beds   may  be  u s e d   in  s e r i e s   w i t h   p e r o x i d e  

and  an  amine   a d d i t i o n .  

I t   w o u l d   be  e v i d e n t   to  t h o s e   s k i l l e d   in   t he   a r t   t h a t  

the   c o n c e n t r a t i o n   of  t he   H202  and  t he   amine   w i l l   d e p e n d  

upon  t h e   a m o u n t   o f ,   and  s u l f u r   l e v e l   of  t h e   i n c o m i n g   g a s  
and  the   r e s t r i c t i o n   r e q u i r e m e n t s   on  t he   s u l f u r   c o n t e n t   o f  

the   e f f l u e n t .  



I n d u s t r i a l   A p p l i c a b i l i t y  

The  p r o c e s s   of  t h i s   i n v e n t i o n   e m p l o y s   t he   use  of  a n  
o x i d a n t   and  an  amine   in  c o n j u n c t i o n   w i t h   an  o x i d e   bed  a n d  

as  s u c h   has   n u m e r o u s   i n d u s t r i a l   a p p l i c a t i o n s .  

An  e f f e c t i v e   and  e c o n o m i c a l   means   of  r e m o v i n g   s u l f u r  

c o m p o u n d s ,   s p e c i f i c a l l y   H2S,  s u l f i d e s   and  d i s u l f i d e s ,   a n d  

m e r c a p t a n s   f rom  a  gas  s t r e a m   has   l o n g   b e e n   n e e d e d .  

T h r o u g h   t h e   use   of  t h i s   i n v e n t i o n ,   s u l f u r   c o m p o u n d s   can  b e  

r e m o v e d   f rom  a  gas  s t r e a m   b o t h   e c o n o m i c a l l y   and  e f f i -  

c i e n t l y .   For   e x a m p l e ,   e f f l u e n t   f rom  coke   o v e n s ,   s e w a g e  

p l a n t s ,   p a p e r   m i l l s   and  in  p a r t i c u l a r ,   s o u r   n a t u r a l   g a s  
s t r e a m s   can  b e n e f i t   f rom  t he   p r o c e s s   of  t h e   p r e s e n t  

i n v e n t i o n .   C o n v e r s e l y ,   t h i s   i n v e n t i o n   can  be  u s e d   t o  

r e m o v e   s u l f u r   compounds   f rom  gas  s t r e a m s   e n t e r i n g   v e s s e l s ,  

b u i l d i n g s ,   and  e t c .  

W h i l e   c e r t a i n   r e p r e s e n t a t i v e   e m b o d i m e n t s   and  d e t a i l s  

have   b e e n   shown  f o r   t he   p u r p o s e   of  i l l u s t r a t i n g   t h e  

i n v e n t i o n ,   i t   w i l l   be  a p p a r e n t   to  t h o s e   s k i l l e d   in   t h i s  

a r t   t h a t   v a r i o u s   c h a n g e s   and  m o d i f i c a t i o n s   may  be  made  

t h e r e i n   w i t h o u t   d e p a r t i n g   f rom  t h e   s c o p e   of  t h e   i n v e n t i o n .  



.  1.  A  p r o c e s s   f o r   r e m o v i n g   h y d r o g e n   s u l f i d e ,  

s u l f i d e s   and  m e r c a p t a n s   f rom  gas  s t r e a m s   c h a r a c t e r i z e d  

by  t h e   s t e p s   in   c o m b i n a t i o n   o f :  

(a)   c o n t a c t i n g   t h e   gas  s t r e a m   w i t h   an  o x i d e   of  a  

m e t a l   s e l e c t e d   f r o m   t h e   g r o u p   c o m p r i s i n g   i r o n ,  

c h r o m i u m ,   c o b a l t ,   l e a d ,   m a n g a n e s e ,   m o l y b d e n u m ,   n i c k e l ,  

c o p p e r ,   v a n a d i u m ,   z i n c ,   t u n g s t e n   and  a n t i m o n y ;  

(b)  i n t r o d u c i n g   an  a m i n e ,   c o n t i n u o u s l y   o r  

i n t e r m i t t e n t l y ,   of  t h e   s t r u c t u r a l   f o r m u l a :  

w h e r e i n   Rj ,   R2  and  R3  a r e   t he   same  or  d i f f e r e n t  

r a d i c a l s   s e l e c t e d   f r o m   t h e   g r o u p   c o m p r i s i n g   h y d r o g e n ,  

a l k y l s   of  1  to  8  c a r b o n   a toms   and  a l k a n o l s   of  1  to  8 

c a r b o n   a t o m s ;   in  a n h y d r o u s   f o rm ,   a q u e o u s   s o l u t i o n s   o r  

w a t e r / a l c o h o l   s o l u t i o n s   t h e r e o f ,   o n t o   t h e   m e t a l   o x i d e ;  

a n d  

(c)  s u b s e q u e n t l y   or  c o n c u r r e n t l y   i n t r o d u c i n g   a n  

o x i d i z i n g   a g e n t ,   c o n t i n u o u s l y   or  i n t e r m i t t e n t l y ,  

s e l e c t e d   f rom  t h e   g r o u p   c o m p r i s i n g   o x y g e n ,   h y d r o g e n  

p e r o x i d e ,   a i r ,   t e r t i a r y   d i b u t y l   p e r o x i d e ,   t - b u t y l  

h y d r o p e r o x i d e ,   cumene   h y d r o p e r o x i d e   and  d i c u m y l  

p e r o x i d e ,   on  t h e   m e t a l   o x i d e   w h i l e   c o n t i n u i n g   t o  

c o n t a c t   t he   gas  s t r e a m   w i t h   t he   m e t a l   o x i d e .  

2.  A  p r o c e s s   f o r   r e m o v i n g   h y d r o g e n   s u l f i d e ,  

s u l f i d e s   and  m e r c a p t a n s   f rom  gas  s t r e a m s   c h a r a c t e r i z e d  

by  s t e p s   in  c o m b i n a t i o n   o f :  



(a)   c o n t a c t i n g   t h e   gas  s t r e a m   w i t h   a  m e t a l   o x i d e  

in   an  a l k a l i n e   e n v i r o n m e n t ,   w h e r e i n   t he   m e t a l   i s  

s e l e c t e d   f rom  t h e   g r o u p   c o m p r i s i n g   i r o n ,   c o b a l t ,   n i c k e l  

and  c o p p e r ;  

(b)  i n t r o d u c i n g   an  a m i n e ,   c o n t i n u o u s l y   o r  

i n t e r m i t t e n t l y ,   of  t h e   s t r u c t u r a l   f o r m u l a :  

w h e r e i n   R1,  R2  and  R3  a r e   t he   same  or  d i f f e r e n t  

r a d i c a l s   s e l e c t e d   f r o m   t h e   g r o u p   c o m p r i s i n g   h y d r o g e n ,  

a l k y l s   of  1  to  8  c a r b o n   a t oms   and  a l k a n o l s   of  1  to  8 

c a r b o n   a t o m s ,   in  a n h y d r o u s   f o r m ,   a q u e o u s   s o l u t i o n s   o r  

w a t e r / a l c o h o l   s o l u t i o n s   t h e r e o f ,   o n t o   t h e   m e t a l   o x i d e ;  

a n d '  

(c)  s u b s e q u e n t l y   or  c o n c u r r e n t l y   i n t r o d u c i n g   a n  

o x i d i z i n g  a g e n t ,   c o n t i n u o u s l y   or  i n t e r m i t t e n t l y ,  

s e l e c t e d   f rom  t h e   g r o u p   c o m p r i s i n g   o x y g e n ,   h y d r o g e n  

p e r o x i d e ,   a i r ,   t e r t i a r y   d i b u t y l   p e r o x i d e ,   t - b u t y l  

h y d r o p e r o x i d e ,   cumene   h y d r o p e r o x i d e   and  d i c u m y l  

p e r o x i d e ,   on  t h e   m e t a l   o x i d e   w h i l e   c o n t i n u i n g   t o  

c o n t a c t   t h e   gas  s t r e a m   w i t h   t he   m e t a l   o x i d e .  

3.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1  or  2 

c h a r a c t e r i z e d   in  t h a t   t h e   t r e a t e d   gas   s t r e a m   is  a  

n a t u r a l   gas  s t r e a m .  

4.  A  p r o c e s s   f o r   r e m o v i n g   HZS,  m e r c a p t a n s ,  

s u l f i d e s ,   and  d i s u l f i d e s   f rom  a  gas  s t r e a m  

c h a r a c t e r i z e d   in  t h a t   s a i d   gas  s t r e a m   is   c o n t a c t e d   w i t h  

a t   l e a s t   one  m e t a l   o x i d e   d e p o s i t e d   upon   an  i n e r t  

c a r r i e r ,   t he   i m p r o v e m e n t   c o m p r i s i n g   c o n t i n u o u s l y   o r  

p e r i o d i c a l l y   i n t r o d u c i n g   an  o x i d i z i n g   a g e n t   and  a n  

a m i n e   on  t h e   m e t a l   o x i d e   w h i l e   c o n t i n u i n g   to  c o n t a c t  

t h e   gas   s t r e a m   w i t h   s a i d   m e t a l   o x i d e .  



5.  A  p r o c e s s   f o r   r e m o v i n g   s u l f u r   c o m p o u n d s   f rom  a  

gas  s t r e a m   w h e r e i n   s a i d   gas  s t r e a m   is   c o n t a c t e d   w i t h   a t  

l e a s t   one  m e t a l   o x i d e   s e l e c t e d   f rom  the   g r o u p  

c o m p r i s i n g   o x i d e s   of  i r o n ,   c o b a l t ,   n i c k e l   and  c o p p e r ;  

in  an  a l k a l i n e   e n v i r o n m e n t ,   t h e   i m p r o v e m e n t  

c h a r a c t e r i z e d   by  the   a d d i t i o n   of  an  o x i d i z i n g   a g e n t   a n d  

an  a m i n e   to  t h e   m e t a l   o x i d e   w h i l e   c o n t i n u i n g   to  c o n t a c t  

t h e   gas   s t r e a m   w i t h   s a i d   m e t a l   o x i d e .  

6.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   4  or  5 

c h a r a c t e r i z e d   in  t h a t   t he   o x i d i z i n g   a g e n t   is  h y d r o g e n  

p e r o x i d e .  

7.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   4  or  5 

c h a r a c t e r i z e d   in  t h a t   t he   a m i n e   i s   a m m o n i a .  

8.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   4  or  5 

c h a r a c t e r i z e d   in  t h a t   t he   ammonia   i s   an  a q u e o u s   m e d i u m  

at   a  c o n c e n t r a t i o n   f rom  0.1  N o r m a l   to  s a t u r a t e d .  

9.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   4  or  5 

c h a r a c t e r i z e d   in  t h a t   t he   o x i d i z i n g   a g e n t   is  a q u e o u s  

H202  a t   a  c o n c e n t r a t i o n   of  at   l e a s t   25  p e r c e n t   b y  

w e i g h t .  

10.  In  a  p r o c e s s   f o r   r e m o v i n g   s u l f u r   c o m p o u n d s  

f rom  a  gas  s t r e a m   by  c o n t a c t i n g   s a i d   s t r e a m   w i t h   F e 2 O 3  
to  r e m o v e   s a i d   s u l f u r   c o m p o u n d s   by  f o r m i n g   FeZS3  a n d  

r e g e n e r a t i n g   s a i d   Fe2O3  by  c o n t a c t i n g   s a i d   FeZS3  w i t h  

an  o x i d a n t ,   t he   i m p r o v e m e n t   c h a r a c t e r i z e d   by  c o n t a c t i n g  
s a i d   Fe2S3  w i t h   an  o x i d a n t   in  t h e   p r e s e n c e   of  an  a m i n e ;  

to  i n c r e a s e   t he   r e m o v a l   of  s u l f u r   c o n t a i n i n g   c o m p o u n d s .  
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